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THE C0MBIMATI 0M OF GROWTH HO RggQfflE AMD TMSin tm-i ty F GROWTH 
FACTOR-I ENHANCES GROWTH 




BelcLof the Invention 

This invention relates to a method of enhancing growth in patients, particularly those 
exhibiting a retarded growth rate or weight loss using a combination of natural hormones 
In addition, the combination reduces the degree of imbalance of glucose homeostasis induced 
by either hormone administered alone. 
Description of Related ft^ 

Insulin-like growth factor I (IGF-I) is a polypeptide naturally occurring in human body 
ft**, for example, blood and human cerebral spinal fluid. Most tissues and especially the 
liver produce IGF-I together with specific IGF-binding proteins. These molecules are under the 
control of growth hormone (GH). like GH, IGF-I is a potent anabolic protein. See Tanner et 
al,A aa . EndQCfinol. ,M: 681-696 (1977); Uthne et al.. J. Clin. arn^ ^ 548 . 
554 (1 974)). IGF-I has been isolated from human serum and produced recombinantly. See 
e.g., EP 123,228 and 128,733. 

Various biological activities of IGF-I have been identified. Researchers have found that 
an intravenous bolus injection of IGF-I lowers blood glucose levels in humans. See Guler et 
al., DL ftnl, tL Med, , Ml: 137-140 (1987). Additionally, IGF-I promotes growth in several 
metabolic conditions characterized by low IGF-I levels, such as hypophysectomfeed rats (Guler 
et al., EndperinolQqy , US: Supp 129 abstract, Skottner et al., J. Endorr m . U 3-%32 

(1987); Guler et al., Prpc, Ma t [. flcari Sri USA £§; 4889-4893 (1988); Froesch et al in 
Endocrinology, m , Cpnqfes? ^ ^ ^ fey ^ ^ ^ 

Medics, 1984), p. 475-479), diabetic rats (Scheiwilleret a.., fito, 169 . 171 (1986)] 
and dwarf rats ISkottner et al., B^SSDBSimL. J2£ 251 9-2526 (1 989)]. The kidney weigltt 
of hvpophysectomfeed rats increases substantially upon prolonged infusions of IGF-I 
subcutaneously. Guler et a.., Proems flf ^ & Fu rnp^n Confess of ^ n „ in ^. 
IfiS: abstract 12-390 (Copenhagen, 1 987). The kidneys of Snell dwarf mice and dwarf rats 
behaved similarly, van Buul-Offers et al., EssMlB&L. 2Q: 825-827 (1 986); Skottner et al 
Eji do crin p l oqy , supra. An additional use for IGF-I is its administration to improve glomerular 
filtration and renal plasma flow in human patients. See EP 327,503 published August 9 
1989; Guler et al.. Proc. Man. Aead. Sr? ygfl ag. °>»f ft ?ft7? (1 3 03)j 

Human growth hormone (hGH) is a single-chain polypeptide consisting of 191 amino 
acids (molecular weight 21,100). Disulfide bonds link positions S3 and 165 and positions 
182 and 189. Miall, Mature, New Riolony , 2SQ: 90 (1971). Human GH is a potent anabolic 
agent, especially due to retention of nitrogen, phosphorus, potassium, and calcium 
Treatment of hypephysectomfeed rats with GH can restore at least a portion of the growth 
rate of an intact animal. Moore et al., Eiidp^nnojoay. 122.: 2920-2926 (1 988). Among its 
most striking effects in hypopituitary (GH-deficient) subjects is accelerated linear growth of 
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StatUfe - Kaplan ' fiMjLBisardgriin 

fi M frqn and AdaieasgniS (Springfield, IL: Charles C. Thomas, 1964). 

In 1957, the mechanism of GH action was postulated as being due to GH inducing 
production of somatomedins (subsequently identified and named IGF-I) in ihe liver, which 



Ilin. 



UB aaimon ana Daughaday, >LJ»ab. 
L, IS: 825-836 (1957). Many studies investigating the relationships between GH 
IGF-I, cartilage, cultured human fibroblasts, skeletal muscle, and growth have supported this 
somatomedin hypothesis. See, e.g.. Phillips and Vassilopoulou-Sellin, M. End. J M.n 30 2- 
372-330; 438-446 (1980); Wtter at a,.. tL£fiD ^ * , 903-1 908t9l6tc^e^; 



gBrfpCriftQlogy, _ -w.w,.* w/ , 

Scheenle at al., Acta Endoeriry JLQ8: 167-174 (1985). 

Another theory holds that GH has a direct effect on chondrocytes that is not dependent 
on circulating IGF-I. For example, several in vivo studies have demonstrated longitudinal long 
bone growth in rats receiving hGH injected directly into the tibia, growth plate Ilsaksson et 

21ft 1 237-1 239 ,1 982); Russell and Spencer, fofcs^ m 2563 . 25S? 

(1985) ] or the arterial supply to a limb ISchlechter et al., am^LJMaL, £231-235 

(1986) ]. Additionally it was found that proliferation of cultured Bapine ear and rib 
chondrocytes in culture is stimulated by hGH (Madsen et al., Njgyrg, m 545.547 (1 983)1 
this being consistent with a direct GH effect or with an indirect effect of GH mediated by 
local GH-dependent >GF-I production. Such an autocrine or paracrine mode, for stimulation 
of growth has been supported by various lines of experimental evidence. Schlechter et al 
to. H#, Acad. Sc.. I ISA . M: 7932-7934 (1 986); Milsson et al., GmLSmiOnL. 4Q- 9l'! 
96 (1987). Nilsson et al. showed that while unilateral arterial infusion of IGF-I did not 
produce a tibial longitudinal bone growth response in hypophysectomfced rats, infusion of 
hGH did induce such growth. Moreover, the influence of GH on the functional maturation of 
human fetal islet cells in vitro could not be reproduced by adding IGF-I. suggesting a direct 
rather than a somatomedin-mediated action of GH for these particular cells. Otonkoski et al 
fiilbJSSS, 32: 1 678-1 683 (1 988). ' 

A third theory for GH and IGF-I actions is that GH promotes differentiation of stem 
cells, rendering them responsive to stimulation of proliferation by IGF-I. Green et al 
flBtaOftftO, m 195-198 (1985). Although support for this mode, of GH acting to 
produce IGF-I locally, called the dual effector theory, has been obtained for certain cel. types 
Kesulak and Graen, gcJsngg, m 551-553 (1986)1, its application to skeletal growth has 
not been established, .t has been found that both GH and testosterone could stimulate 
skeletal growth in the hypophysectomfeed prepubertal lamb without alteration of circulating 
IGF-I concentrations, the results not precluding the possibility that the growth-promoting 
effect of GH was affected by local actions at the site of osteogenesis. Young et al J 
iDto^ m: B63-570 (1989). Also. GH has been reported to stimulate tibial epiphyseal 



plate width on the hypophyseetornfeed rat without increasing circulating IGF-I concentrations. 
Orlowski and Chemausek, Endocrinol.. JL33: 44=49 (-j gigg). 

Mere recently, a study was undertaken to reproduce the "direct 0 in vitro GH effect on 
epiphyseal and articular chondrocytes to determine whether this effect is mediated by IGF-I 
in a local autocrine or paracrine fashion. Tirippel et al., Pediatr. Rag .. 75-82 (1989) 
Human GH was found not to stimulate rabbit articular or epiphyseal chondrocytes or bovine 
epiphyseal chondrocytes, whereas BGF-I stimulated both mitotic and differentiated cell 
functions in both epiphyseal and articular chondrocytes. The authors state that the data 
suggest that the role of IGF-I on skeletal development is complex and may be diverse both in 
the cellular functions it regulates and the cell populations regulated, requiring further 
investigation to define the relationship of IGR to GH. 

It has been reported that the growth response to co-addition of GH and IGF-I was not 
statistically different from that of GH alone when body weight gain, bone length, or tibial 
epiphyseal cartilage width was measured. Skettner et al., J^sSL, supra [\v infusion of 
bGH (10 mu/day) for 8 days and met-IGF-l (with specific activity of 3400 U/mg, 120 j/g/day) 
for the last 4 days]; Isgaard at al., Am. J. PhygiQl., gBQ: E367-E372 (1 986) (5 m of IGF-I and 
1 m of hGH injected locally daily for 5 days]. It was also found that BGF-I, when injected or 
infused subeutaneously or infused intravenously, is a weak growth promoter in 

even when infused in combination with small 
amounts of hGH. Robinson and Clark, Acta Paediatr. Seanfr , 347. 93.103 (1988). 

As regards esteoblast-like cells in culture, direct stimulation of their proliferation by 
hGH is at least partially mediated by IGF-Mike immunoreactivity (Ernst and Frossch, BiosMUL 
Bipp hy. Res , Cemmun., J£i: 142-147 (1988)]; the authors found that IGF-I and hGH had 
additive effects on osteoblast proliferation only when the exogenous IGF-I concentration 
exceeded that of endogenously produced IGF-I by a large margin. Another in vitro study 
showed that purified human and synthetic IGF-I stimulated adult articular chondrocyte DNA 
and proteoglycan synthesis; GH had no effect on either process; and GH added in 
combination with IGF-I increased proteoglycan, cell-associated proteoglycan, and keratan 
sulfate synthesis over levels observed with IGF-I alone. Smith et al., J. Orthop.R B? £ 1 98- 
207 (1989). Separate administration of hGH and IGF-I was found to enhance human 
granulopoiesis, with the effect of hGH on marrow myeloid -progenitors apparently mediated 
by paracrine IGF-I. Merchav ®t al.. 4- Cfti. Invest,, SI- 791-797 (1 988). Merchav et al. also 
noted that myeloid colony formation was sigriKfSeantly enhanced in cultures stimulated with 
combined limiting concentrations of both IGF-I and hGH, whereas combined maximal 
concentrations of both peptides did not exert an additive effect. Also, based on recent 
immunohistechemical data regarding the GH receptor, it has been suggested that GH may act 
independently of or synergistically with hepatic IGF-I in carrying out its growth-promoting role 
in the gastrointestinal tract. Lobie et al., Endocrinol .. H£: 299-306 (1990). It has been 



«4- 



10 



20 



25 



shown that pretreatment of hypephyseetemfeed rats with GH, but not with IGF-I, promotes 
the formation of chondrocyte colonies and mates the chondrocytes susceptible to IGF-I in 
vitro. Undahl et al., Estiperinpl, , 121; 1070-1075 (1987). The authors suggest that GH 
Induces colony formation by IGF-l-independent mechanisms and that IGF-I is a second 
5 effector in GH action. Further, treatment of hypophysectemfeed animals with a single dose 
of hGH restored IGF-I mRNA in parenchymal and in non-parenchymal cells to the extent found 
in intact animals, van Nest© et al., ,L£ndPcr.. 119 ! 69-74 (1988). 

However, it has also been reported that IGF-I directly suppresses GH gene transcription 
and GH secretion at the pituitary level in an inhibitory feedback control mechanism. Namba 
et al., lodflSdOfll., m 1794-1799 11989); Yamashita et al.. ±Mo\. Cham.. %B2 : 13254- 
13257 (1987). Additionally, it was reported that the maximum stimulation off glueose 
metabolism in 3T3 adipocytes achieved by hGH is only a fraction of that produced by various 
IGFs, indicating that extracellular IGFs do not mimic the effects of hGH on glucose 
metabolism in these adipocytes. Schwartz et al., Proc. Natl. Ae ? d. Sci. U$ A g2: 8724-8728 
(1 985). Moreover, human GH was found not to enhance further the IGF-l-stimulated Leydig 
cell steroidogenesis. Horikawa et al.. Eur. J. Pharmacol.. X§£ : 8 7-94 (1989). Another 
negative finding was that the combination of chick growth hormone and human IGF-I did net 
stimulate cell proliferation and metabolic activity of cultured epiphyseal growth plate 
chondrocytes above human IGF-I alone. Rosselot et al.. The Eg drerfne Sflgjgjy. 7 ? » d Annual 
MgHiSfl, abstract 202, p. 75. of Program and Abstracts released prior to the meeting on 
Atlanta, GA on June 20-23, 1990. It has also been reported that both hGH and hIGF-l can 
promote growth in the mutant dwarf rat, but they differ both quantitatively and qualitatively 
in their pattern of actions. Skottner et al.. Endocrinology, supra . Additionally, a loss of IGF-I 
receptors in cultured bovine articular chondrocytes was found after pre-exposure of the cells 
to pharmacological doses of either hGH or bGH. Watanabe et al., J. Endo t^. 275-283 
(1985). The necessity for large amounts of GH is attributed to extremely low affinity of GH 
binding sites on these cells. The authors speculate that living organisms have a protection 
mechanism to avoid unnecessary overgrowth of the body resulting in down-regulation of the 
IGF-I reeeptors. 
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U.S. Pat. No. 4.857,505 issued August 1 5, 1 989 discloses use of an adduct of a 
growth hormone, growth factor, IGF-I, or fragment thereof eovalently bonded to an activated 
polysaccharide for increased half-life, increased weight gain in animals, and increased milk 
production. 

Known side effects of hGH treatment include sodium retention and expansion of 
35 extracellular volume (Okkos et al., Acta Endpcrjnol, (Copenhagen). 3J: 341-361 (1959); 
Bi0,i8ri m al - J - ® ]n - E ^°^"°»- Mflt ah 21: 361-370 (1961)], as well as hyperinsuiinemia 
and hyperglycemia. The major apparent side effect of IGF-I is hypoglycemia. Guler et al.. 
Proc. Natl. Acad. Sci. USA. 1989, suora. 



It is an object off the present invention to provide a combination of IGF-I and GH that 
has a greater effect on growth of patients than either hormone alone. 

It is another object to provide a method for treating patients, whether children or 
adults, that experience a reduced anabolic effect of GH, as by a reduced ability to produce 
an IGF-I response to the GH, or experience diabetogenic effects or other side effects when 
treated with GH alone, or hypoglycemia when treated with IGF-I alone. 

These and ether objects will be apparent to those of ordinary skill in the art. 

Summary of the Invftptipn 

Accordingly, the present invention provides a method for enhancing growth of a 
mammal comprising administering to the mammal effective amounts off IGF-I and GH so as 
to enhance the growth off the mammal over the enhancement in growth achieved using the 
same amount of IGF-I or GH singly as is used for IGF-I or GH, respectively, in combination. 

In another aspect, the invention provides a cell-free growth-promoting composition 
comprising amounts of IGF-I and GH in a pharmaceutical^ acceptable carrier that are 
effective to promote growth of a mammal more than the promotion of growth achieved using 
the same amount of IGF-I or GH singly as is used for IGF-I or GH, respectively, in 
combination. 

In still another aspeet, the invention provides a growth-promoting composition 
comprising IGF-I and GH in a pharmaceutieally acceptable carrier at about pH 6 containing a 



The literature shows that the role of IGF-I in skeletal development in conjunction with 
GH is complex, and evidence supporting various theories of GH action is contradictory and 
inconclusive. Iff GH acts via production of circulating IGF-I (the somatomedin hypothesis), 
then a maximal dose of GH would not be expected to be enhanced by administering IGF-I 
systemieally. If GH acts locally to produce IGF-I, then it is unlikely that the high local 
concentrations of IGF-I predicted by this second theory could be reproduced by administering 
IGF-I systemieally. If some actions of GH do not involve IGF-I generation, then adding GH 
might enhance the effect of IGF-I. However, in view of the confusion surrounding which of 
these three unresolved theories is correct, there was no clear basis to predict the outcome 
on body and bone growth of administering to a mammal a combination of GH and IGF-I. 

Unexpectedly, a significantly greater daily body weight gain, increased longitudinal 
bone growth, and enhanced epiphyseal width of the tibia were achieved after combination 

i 

treatment with IGF-I and GH as compared with the same doses of each of IGF-I and GH alone. 
Further, the additive effect of IGF-I and GH was not seen for all tissues, indicating a 
selectivity for whole body growth, bone, and cartilage. Moreover, IGF-I enhanced the 
growth-promoting effect of GH even at the maximum effective dose of GH, and can further 
enhance a low dose off GH to produce a maximal growth response. Thus, IGF-I may be used 
in combination with lower doses of GH to increase growth of those immature patients that 
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tavo reached their maximum growth rat© after treatment with maximal doses of GH alone 
and then experienced a fall in their annualized growth rate. This is an effect that is 
widespread in all growdvdefieient patients after several months of treatment. The 
combination could also he used to maximize the growth response in patients who present late 
5 in development with growth retardation, and only have a few years of therapeutic 
intervention potential. Additionally, the combination can be used to treat those patients who 
exhibit side effects such as diabetogenic symptoms with maximum doses of GH or 
hypoglycemia with maximum doses of IGF-I. 

Brief Daserig tion of the Dravtrinfi| ff 
11 0 Figures DA and IB represent graphs of cumulative body weight gain over seven days 

for each group of treated hypophysectomized adult male rats for two replicate studies 1 and 

2, respectively, performed one month apart {means +. SO). 

Figure 2 shows a bar graph of the increase in width of epiphyseal bone growth plate 

after seven days of hGH and/or IGF-I treatment of hypophysectomized rats (means ± SD). 
1 S Figures 3A and 3B represent graphs of longitudinal bone growth and epiphyseal plate 

width (a separate study from Fig. 2), respectively, for each group of hypophysectomized rats 

treated with hGH alone, or IGF-I or des(1-3HGF-I alone or in combination with hGH (means 

+.SD). 

Figure 4 illustrates a graph of weight gain in hypophysectomized rats over one week 
20 as a function of hGH concentration {log dose), where rats were treated with IGF-I {2.4 
mg/kg/day) using minipumps and with hGH daily injections (means ±. §D). 

Figure B illustrates a graph of weight gain in dwarf rats over one week as a function 
of hGH concentration (log dose), where rats were treated with IGF-I (1.2 mg/kg/day) using 
minipumps and with hGH daily injections (means .+ 10). Rgura 6 

25 depicts a graph of weight gain in hypophysectomized rats using three different doses of IGF-I 
or des(1-3HGF-I infused subeutaneeusly by minipumps for seven days (means _+ SD). 

Figure 7 depicts a graph of weight gain in hypophysectomized rats using three different 
doses of hGH injected daily subeutaneousiy for seven days (means +. SO). 

Fsgure 8 illustrates bar graphs of the growth rate in em/year of patients of various 
30 growth inhibition etiologies having had either no previous treatment (Prev Rx No) or previous 
treatment (Prev Rx Yes) with hGH. N indicates the number'of patients at the indicated dose 
level of hGH given in units of mg/kg. Fig. 8A is the data for the first year of hGH treatment 
and Fig. SB is for the second year of hGH treatment. 

Figure 9 illustrates bar graphs of the annualized (1 2-month) growth rate in cm/year of 
35 patients treated with the indicated dose of hGH in the 1 -2, 3-5, 6-8, 9-1 1, 12-14, 15-17 and 
more than 17 year ranges. N indicates the number of patients in each age group. 
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A. Definitions 

As used herein, "mammal" signifies humans as well as animals, and includes animals 
of economic importance such as bovine, ovine, and porcine animals. The preferred mammal 
5 herein is a human. The term "non-adult" refers to mammals that are from perinatal age (such 
as low-birth-weight infants) up to the age of puberty, the tetter being those that have not yet 
reached full growth potential. 

As used herein, "IGF-I" infers to insulin-like growth factor from any species, including 
bovine, ovine, porcine, equine, and preferably human, in native-sequence or in variant form, 
1 0 and from any source, whether natural, synthetic, or recombinant. Preferred herein for animal 
use is that form of IGF-I from the particular species being treated, such as poreine IGF-I to 
treat pigs, ovine IGF-I to treat sheep, bovine IGF-I to treat cattle, etc. Preferred herein for 
human use is human native-sequence, mature IGF-I, more preferably without a N-terminal 
methionine, prepared, e.g., by the process described an EP 230,869 published August 5, 
15 1987; EP 128,733 published December 19, 1984; or EP 288,451 published October 26, 
1 988. More preferably, this native-sequence IGF-I is recombinants produced and is available 
from Genentech, Inc., South San Francisco, CA for clinical investigations. Also preferred for 
use is IGF-I that has a specific activity greater than about 14,000 units/mg as determined by 
radioreceptor assay using placenta membranes, such as that available from KablGen AS, 
20 Stockholm, Sweden. 

The most preferred IGF-I variants are those described in PCT WO 87/01038 published 
February 26, 1987 and in PCT WO 89/05822 published June 29, 1989,'i.e., those wherein 
at least the glutamic acid residue is absent at position 3 from the N-terminus of the mature 
molecule or those having a deletion of up to five amino acids at the N-terminus. The most 
preferred variant has the first three amino acids from the N-terminus deleted (variously 
designated as brain IGF, tIGF-l, des(1-3MGF-l, or des-IGF-l). 

As used herein, "GH" refers to growth hormone from any species, including bovine, 
ovine, porcine, equine, and preferably human, in native-sequence or on variant form, and from 
any source, whether natural, synthetic, or recombinant. Preferred herein for animal use is 
that form of GH from the particular species being treated, such as porcine GH to treat pigs, 
ovine GH to treat sheep, bovine GH to treat cattle, etc. Preferred herein for human use is 
human native-sequence, mature GH with or without a methionine at its N-terminus. Also 
preferred is recombinant hGH, i.e.. that produced by means of recombinant DNA technology. 
More preferred is methionyl human growth hormone (met-hGH) produced in £. coti, e.g., by 
35 the process described in U.S. Pat. No. 4,755,465 issued July 5, 1988 and Goeddel et'al., 
mim, 231: 544 (1979). Met-hGH, which is sold under the trademark PROTROPIM" by 
Genentech, Inc., is identical to the natural polypeptide, with the exception of the presence 
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of an N-termina. methionine residue. This added amino acid is a result ef the bacterial protein 
synthesis proe©ss. 

Another preferred hGH for human use is a recombinant hGH (rhGH,, available to clinical 
and research investigators from Genenteeh, One. under the trademark Nutropin", and 
commercially available from Eli Lilly, that lacks this methionine residue and has an amino acid 
sequence identical to that of the natural hormone. See Gray et a.., g: 1 61 

(1984). Both met-hGH and rhGH have equivalent potencies and pharmacokinetic values. 
Moor© of al, r ap9. 

As used herein, the term 'growth" refers to the dynamics of statural growth 
experienced by an individual during infancy, childhood, and adolescence as depicted by a 
norma, growth curve. Thus, growth herein refers to the growth of linear-producing bone plate 
dnven by chondrocytes, as distinguished from the growth of osteoblast cells, derived from 
a different part of the bone. Restoration of normal growth patterns would allow the patient 
to approach a more satisfactory growth curve. Examples of patients that are relatively 
resrstant to GH but require treatment to induce an anabolic effect include those with Turner's 
Syndrome, GH-def icient children who grow poorly in response to GH treatment, children who 
experience a slowing or retardation in their normal growth curve about 2-3 years before their 
growth plate closes, so that GH administered alone would no .onger increase growth of the 
ch„dren. so-earled short norma, children, and patients where the iGF-l response to GH has 
been blocked chemica..y {i.e.. by glucocorticoid treatment, or by a natural condition such as 
•n adult patients where the IGF-l response to GH is naturally reduced. 
B. Modes for Carrying Out the invention 

The IGF-l and GH are directly administered to the mamma, by any suitable technique 
.ncluding parenteral intranasal^, or orally. They need not be administered by the same 
route and can be administered tolly or systemically. The specific route of administration 
w,ll depend, e.g., on the medical history of the patient, including any perceived or anticipated 
side or reduced anabolic effects using hGH or IGF-l alone, and the growth defect to be 
corrected. Examples of parenteral administration include subcutaneous, intramuscular 
•ntravenous, intraarterial, and intraperitoneal administration. Most preferably the 
administration is by continuous infusion {using, e.g., minipumps such as osmotic pumps, or 
by injection using, e.g.. intravenous or subcutaneous means. Preferably, the administration 
,s subcutaneous for both IGF-, and GH. The administration may also be as a sing.e bolus or 
by slow-release depot formulation. Most preferably, the IGF-l is administered continuously 
by .nfusion. most preferably subcutaneously, and the GH is administered daily subcutaneously 
by injection. 

in addition, the IGF-l is suitably administered together with its binding protein for 
example, BP53, which is described in WO 89/09268 published October 5, 1989 and by 
Martin and Baxter, J, Biol, ppem, , ^ Q75 ^ 76Q ^ ^ ^ fe ^ ^ ^ 
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component of about 53 Kd on a non-reducing SDS-PAGE gel of a 125-150 Kd glycoprotein 
complex found in human plasma that carries most of the endogenous IGFs and is also 
regulated by GH. The IGF-I is also suitably coupled to a receptor or antibody or antibody 
fragment for administration. Similarly, the GH can be delivered coupled to another agent such 
5 as an antibody, an antibody fragment, or one of its binding proteins. 

- The IGF-I and GH composition(s) to be used in the therapy will be formulated and 
dosed in a fashion consistent with good medical practice, taking onto account the clinical 
condition of the individual patient (especially the side effects of treatment with hGH or IGF-I 
alone or growth retardation after continuous GH treatment), the site of delivery of the IGF-I 
10 and GH compositions), the method of administration, the scheduling of administration, and 
other factors known to practitioners. The "effective amounts" of each component for 
purposes herein are thus determined by such considerations and must be amounts that 
enhance growth of the treated patient over growth enhancement that is obtained using the 
same amount of IGF-I or GH individually. 
15 As a general proposition, the total pharmaceutical^ effective amount of each of the 

IGF-I and GH administered parenteral^ per dose will be in the range of about 1 ^g/kg/day to 
100 mg/kg/day of patient body weight, although, as noted above, this will be subject to a 
great deal of therapeutic discretion. More preferably, this dose is at least 0. 1 mg/kg/day, and 
most preferably at least 1 mg/kg/day for each hormone. Iff given continuously, the IGF-I and 
20 GH are each typically administered at a dose rate of about 1 ^g/kg/hour to about 50 
//g/kg/hour, either by 1-4 injections per day or by continuous subcutaneous infusions, for 
example, using a minipump. An intravenous bag solution may also be employed. The key 
factor in selecting an appropriate dose is the result obtained, as measured by increases in 
body weight gain, lean body mass, or statutory growth approximating the normal range, or 
25 by ether criteria for measuring growth as defined herein as are deemed appropriate by the 
practitjejteir. 

The IGF-I and GH are also suitably administered by sustained-release systems. Suitable 
examples off sustained-release compositions include semi-permeable polymer matrices in the 
fform off shaped articles, e.g., films, or microcapsules. Sustained-release matrices include 
polylactides (U.S. Pat. Wo. 3,773.919, EP 58,481), copolymers of glutamic acid and 
gamma-ethyl-L-glutamate (U. Sidman et a!., Biooolvmers. 21, 547-558 {1983)), poh/(2- 
hydroxyethyl methacrylate) (R. Langer et al.. J. Biomad. MsSSL Bfi S, !§: 167-277 (1981), 
and R. Langer, Sftem,T9ch„ 22: 98-1 05 (1 982)), ethylene vinyl acetate (R. Langer et al.. jdj 
or po!y-D.(-)-3-hydroxybutyric acid (EP 1 33,988). Sustained-release IGF-8 compositions also 
include liposomally entrapped IGF-I. Liposomes containing IGF-I are prepared by methods 
known perse: DE 3,218,121; Epstein et al., Proc. Natl. Arari, §gLU.S.A., gg : 3688-3692 
(1985); Hwang et al., Proc. Natl. Arart §g| U.S.A., 77: 4030-4034 (1980); EP 52.322; EP 
36,676; EP 88,046; EP 143,949; EP 142,641; Japanese Pat. Appln. 83-118008; U.S. Pat 
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Nos. 4,485,045 and 4,544,545; and EP 1 02,324. Ordinary. the , ip0 somes are of the small 
{about 200-800 Angstroms) unilamellar type in which the lipid content is greater than about 
30 mol. percent cholesterol, the selected proportion being adjusted for the optimal IGF-I and 
GH therapy. 

For parenteral administration, in one embodiment, the IGF-I and GH are formulated 
generally by mixing each at the desired degree of purity, in a unit dosage injectable form 
(solutoon, suspension, or emulsion), with a pharmaceutical* acceptable carrier, i.e., one that 
« non-toxic to recipients at the dosages and concentrations employed and is compatible with 
other ingredients of the formulation. For example, the formulation preferably does not include 
ox.dra.ng agents and other compounds that are known to be deleterious to polypeptides. 

Generally, the formulations are prepared by contacting the IGF-I and GH each uniformly 
and intimately with liquid carriers or finely divided solid carriers or both. Then, if necessary 
the product is shaped into the desired formulation. Preferably the carrier is a parenteral 
carrier, more preferably a solution that is isotonic with the blood of the recipient. Examples 
of such carrier vehicles include water, saline, Ringer's solution, and dextrose solution. Non- 
aqueous vehicles such as fixed oils and ethyl oleate are also useful herein, as well as 
liposomes. 

The carrier suitably contains minor amounts of additives such as substances that 
enhance isotonicity and chemical stability. Such materials are non-toxic to recipients at the 
dosages and concentrations employed, and include buffers sueh as phosphate citrate 
succinate, acetic acid, and other organic acids or their sate; antioxidants such as ascorbic 
acid; J OW molecular weight (less than about ten residues) polypeptides, e.g., polyarginine or 
^peptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic 
polymers such as polyvinylpyrrolidone; amino acids, such as glycine, glutamic acid, aspartic 
sad, or arginine,; monosaccharides, disaccharides, and other carbohydrates including 
cellulose or its derivatives, glucose, mannose, or dextrine; chelating agents such as EDTA- 
sugar alcohols such as mannitol or sorbitol; counterions such as sodium, and/or nonionic 
surfactants such as polysorbates, poloxamers, or PEG. 

The DGF-I and GH are each typically formulated individually in such vehicles at a 
concentration of about 0. 1 mg/ml to 1 00 mg/ml, preferably 1 -1 0 mg/ml, at a pH of about 4 5 
to 8. Full-length IGF-I is generally stable at a pH of no more than about 6; des(1-3)-IGF-l is 
stable at about 3.2 to 5; hGH is stable at a higher pH of, e.g., 7.4-7.8. It will be understood 
that use of certain of the foregoing excipients, carriers, or stabilizers will result in the 
formation of IGF-I or GH salts. 

In addition, the IGF-I and GH, preferably the full-length IGF-I, are suitably formulated 
together in a suitable carrier vehicle to form a pharmaceutical composition that does not 
contam eells. In one embodiment, the buffer used for formulation will depend on whether the 
composition will be employed immediately upon mixing or stored for later use. If emp.oyed 
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imm©distoly after mixing, a mixture of full-length IGF-! and GH can be formulated in mannitoJ, 
glycine, and phosphate, pH 7.4, If this mixture 5s to be stored, it is formulated in a buffer at 
a pH of about 6, such as citrate, with a surfactant that increases the solubility of the GH at 
this pH, such as 0.1 % polysorbate 20 or poloxamer 188. The final preparation may be a 
stable Kquid or iyophiiized solid. 

8GF-I and GH to be used for therapeutic administration must be sterile. Sterility is 
readily accomplished by filtration through sterile filtration membranes le.g., 0.2 micron 
membran©s). * Therapeutic OGF-I and GH compositions generally are placed into a 
container having a sterile access port, for ®xampJe, an intravenous solution bag or vial having 
a stopper piereeabl® by a hypodermic injection needle. 

IGF-I and GH ordinarily will be stored in unit or multi-dose containers, for example, 

sealed ampoules or vials, as an aqueous solution or as a lyophilised formulation for 

» 

reeonstitution. As an example of a Jyophilized formulation, 10-mi vials are filled with 5 ml of 
sterile-filtered 1 % <w/v) aqueous GH solution, and the resulting mixture is liyophiiosed. The 
infusion solution is prepared by reconstituting the lyophilized GH using bacteriostatic Water- 
for-lnjection. 

The invention will be more fully understood by reference to the following examples. 
They should not, however, be construed as limiting the scope of the invention. All literature 
and patent citations are ©xpressly incorporated by reference. 

EXAMPLE I 

L Protocol 

Hypophyseetomfeed adult male rats weighing 8§ to 105 grams (Taeonic, NY) were 
received 7 days after surgery and then weighed every 2-3 days for ten days to meet entry 
criteria of a weight gain of less than 7 grams and no overall body weight loss. The rats were 
maintained on Purina rat chow ®d libitum. Each lot of animals was divided into a control 
lexeopient), a JGF-l-supplemented group, a des{1-3MGF-I-supplemented group, a GH- 
supplemented group, a IGF-l/GH-supplemented group, and a desd -3HGR/GH-supplemented 



Abet osmotic pumps (Alza, Palo Alto, CA) were implanted to deliver continuously 
either excipient (1 0 mM citrate buffer and 1 26 mM NaCI, pH 6.0) or recombinant human IGF-I 
{produced on £ mli as a Z-Z fusion polypeptide by the process generally described in EP 
230,869 published August 5, 1 987, or available commercially from KabiGen AB, Stockholm, 
Sweden jspeeofic activity > 14,000 U/mg by radioreceptor assay using placental 
membranes) r or available for clinical investigations from Genenteeh, Inc., South San 
Francisco). The IGF-I was dissolved at 5 mg/ml in 10 mM citrate buffer and 126 mM NaCI, 
pH 6.0 and delivered to the rats at a rate of 120 #g/rat per day (equivalent to 1 .2 mg/kg/day 
assuming that the rats weigh 1 00 g each). This rate represents a submaximal dose that gives 
a consistent body weight gain in this model. 



« 0 xr^Mv&n/wz 



I5«E» 



Feb. 26, 1887 and aapactad to hav, . ^ ^ „ > ^ 

•"■"•P- assay usin9 ^centa mambran... „ >raU>bta as M IGF from KabiGan AB 
Stockholm Swedan. > ,4.000 U/mg by radioreceptor assay ua,ng p, aMraa m9mbra „ M , H 

0.055,0.166, or 0.5 mg/kg/day. " 

To th. G H .. U ppl,m.m,d groups was dlhrered recombinant mthiony. hum*, enmtt 
honnon. Protroom" brand. Genem.cn. mo.. Sou* San Frencisc. w dissolwalI „ 
n 16 mg/ml mannitol and 6 mM phoaph^. pH 7.8. as axdpi™. Th. hGH m ^ 
.ubcut,n.ou*y „ch day. a,so « auburn,, doaaa (15,60. and 240 ps, for 
w.,ght ga»t rasp**.. Moora . w *j£ 

human growth hormone (Mutropln- brand. Ganantsch. ,nc., may ba amployad that 

« 2 in ' 8 — •* 0-68 mg,m, g,yc,„.. and 8 m M phlphau Z 

At pump implant th. animals received oxytetracycline in , „„„,. imn.p.Hjon.,, 
injection as an intravital markar of longitudinal bona growth »0"»™na,l 

Th. growth rare, of th. hypophysa«on*«, animals » dasrmined by Wowing 
da-y body w*gbts. organ vrelgbts a, Perinea, and tibia, fcon. ^ tor ^ 

— " - ••"T* *»• - - *~ bisac^d ionghud^d 

th. garm,nal ca. layar and th. trenaidon from acdve chondrocytes to naw bona deposits was 
measured micrescopicaay with th. aid of , calibrated ocular mk_. in " 
undecaicdied sections were prepared from tha pre*™, *. m djstance J^Z 
grow* tetracycline m ^ m ^ ^ ^ * 

cumulative longitudinal bone growth. 

The remaining .oludon wa, remmred ^ .„ Mmmfc 
^munoaasay to com.* aimer IGR. or d.s„. 3 HGF,. Furthermore. *. .mourn 

of homtones remaning „ „. ^ of„ch rat was that «p.c»d for contimrous d*J 
over seven days at th. rata of dalivary spcifiad by m. manufacwrar 

lnd.p„,d«« r.p«cat, atudi« are dasignatad aa Study 1 and Study 2. performed , 
month .par,. Sta^c comparisons ware mad. by an m of rananM J h ^ 
o^pars^ns n»de by Dunc^a MuMpia Range T«t A p value of l«s than 0 06 was 

rT^**"'" ^ "* rePraMmSi M — - t » of 6-8 animais per gmup 
Two other mdepandem studies confirmed these data. 

11 > Result 

Figures 1A and repress the cumuladv, daily body weigh, incremenu for the 
hypophyaecomfced rats treared whh aimer axci^en, eo^y hGH, 1 .2 mg %/o a y £. 
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I. or the hGH/IGF-l combination for seven days for Studies 1 and 2, respectively. The mean 
SD of 7-9 animals/group as shown in the graphs; statistical significance was assumed if 
p < 0.05. The exeipient control group did not gain or Dose a significant amount of weight 
during the week, confirming the completeness of the hypophysectomy and the health of the 
animals in both studies. The mean body weight was increased by hGH in a dose-dependent 
manner such that on days 3-7 the responses to all hGH doses were significantly different 
from each other {see Fig. 7). likewise, IGF-I produced a significant body weight gain that 
was first recognized on day 2 of dosing, and by day 7 was highly significantly different from 
©xeipiem {2.9 +. 3.S g vs. 16.6 jt 2.5 g, t ■ 16.86, p < 0.001). 

The combination off hGH plus IGF-I yielded a body weight gain that was greater than 
either hormone alone and appeared to be at least additive. By day 7, the body weight 
increments ffor the exeipient control, 1GF-!, hGH, and combination treatments were, 
respectively: Study 1: 2.91 +. 3.51 g, 16.6 +. 2.5 g, 12.9 i 1.2 g, and 22.2 +. 2.7 g; 
Study 2: -0.04 ± 2.41 g, 10.8 + 3 g, 9.04 ±_ 0.92 g, and 19.3 +. 1.6 g. The weight 
increment of the combination group was statistically different from the means of the other 
three groups. For example, in Study 1 the mean weight gain at day 7 for the combination 
(22.2 +. 2.7 g) was greater than that ffor GH alone {12.9 +. 1.2 g, t = 10.80, p < 0.001) 
or ffor IGF-I alone (1 6.6 ^ 2.5 g, t - 6.710, p < 0.001). «n the same experiment (data not 
shown on this Figure 1), des-(1-3)-IGF-l also increased weight gain (to 19.9 +. 2.6 g), which 
on the addition of GH was increased to 24.7 ±_ 1.3 g (t = 5.75, p < 0.001). 

In contrast, it was reported earlier that when native bovine GH (hGH) was delivered 
intravenously ffor ffour days to hypophysectomized rats, and then bGH plus methionine-IGF-l 
for ffour more days, there was no greater weight gain than that measured with bGH alone. 
Skottner, J, Endperin,, supra . Beyond the different delivery routes and dosing regimens of 
these two studies, the methionyHGF-l itself produced no incremental weight gain in this 
earlier report. To the contrary, this experiment shows repeatedly that IGF-I and desd -3HGF-) 
promote body weight gain in hypophysectomiized rats and that there was an additive effect 
when GH was co-delivered. 

In the hypophysectomized rat weight gain assay, there is an excellent correlation 
between the weight gain and the bone growth responses to GH. Therefore, an enhanced 
weight gain is likely to be accompanied by enhanced bone growth, as is the case below. 

Figure 2 illustrates a bar graph of the increase in width of the epiphyseal bone growth 
plate after seven days off hGH arod/or JGF-I treatment an hypophysectomized rats. The mean 
± SD ffor 7-9 rats per group is illustrated ffor Study 1 . Statistically significant differences 
were assumed if p < 0.05. 

In Study 2, shown in Figure 38, the groups treated with 60 j/g/kg/day of GH (31 5 „+ 
35 urn) or with 120 mlm of IGF-I (284 ± 20 ym) were significantly different (t = 6.859, 
p < 0.001; t <=, 4.00, p < 0.01 , respectively) from the excipient group (235 +. 36 j/m); the 
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plate width for GH plus IGF-I group (351 +. 29 pm) differed from both the GH alone (t - 
3.069, p < 0.05) and IGF-I alone (t - 5.535. p < 0.001). Thus, in both studies GH and 
!GF-I alone induced a significant widening of the tibial epiphysis as compared to the control 
group, whereas co-treatment with both hormones produced a greater width than treatment 
with either GH or IGF-I by itself. ©xeept at the high-dose GH level. In addition (Fig. 3B). 
des(1-3)-IGF-i also stimulated growth plate width to 300 +. 17 tm compared to excipient (t 
= 5j45 ' p < °- 001 >' and 9nce ®0ai« co-administration of GH resulted in a further increase 
in plate width to 364 +_ 31 jam, which was greater than for des(1-3)-IGF-i alone (t = 5.507. 
p < 0.001) and GH alone (t = 4.193. p < 0.01). The epiphyseal cartilage widening in 
response to these hormone treatments was similar in pattern to the body weight changes 
(Figure 1). 

As with body weight gain, other investigators have tested the effects of such 
eombination treatments on tibial bone growth. GH and IGF-I, delivered intravenously to rats 
by Skettner et al., J, F-ndccpn, , supra, induced no significantly greater response on tibial bone 
growth or epiphyseal cartilage width than that resulting from treatment with either hormone 
alone. The IGF-I did induce widening of the epiphyseal cartilage and lengthening of the bone, 
while having no effect on body weight, as noted above, in another experiment, direct 
administration of either of these hormones to the tibial epiphysis stimulated longitudinal bone 
growth. Isgaard et al., supra. However, the combination of IGF-I and GH yielded no greater 
20 growth than that achieved with GH alone. 

Figure 3 illustrates two measures of bone growth, longitudinal bone growth (Fig. 3A) 
and epiphyseal plate width (Fig. 3B. Study 2 as opposed to Study 1 shown in Fig. 2, where 
only epiphyseal plate width is shown), obtained in hypophysectomfeed rats treated for 7 days 
with IGF-I or des(1-3HGF-i alone or in combination with hGH. For both full-length IGF-I and 
des(1-3)-IGF-i, the results show that their combination with hGH yielded bone growth or 
cartilage expansion that was greater than the effect using either hormone alone and was 
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The relevant changes in the weights of the five organs measured are as follows (Table 
1). While GH inconsistently increased heart, thymus, and spleen, IGF-I and the combination 
of IGF-I and GH clearly increased all organ weights relative to the excipient group. The 
preferential effect of IGF-I on kidney, spleen, and thymus has been shown by others. Guler 
et al., Prop. N 3t l. Agarf. Sri, USA , M= 4889-4893 (1988). A significantly greater effect of 
the combination treatment was measured only in Study 2, for all organs except the thymus. 
Correcting for the body weight increment, the organ-to-body weight ratios were increased 
by IGF-I for kidneys, spleen, and thymus; the hormone combination did not amplify this effect 
in these three responsive tissues. In contrast, GH treatment did not alter the organ-to-body 
weight ratios. 
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These data indicate that at least a fraction of the hormone combination response can 

♦ • 

be attributed to weight increases in specific organs. In addition, they indicate that the 
additive effect of IGF-I and GH was not seen on all tissues, for example, for the absolute 
weight of thymus (Table 1), or for all the organ/body weight ratios. This varying sensitivity 
5 of different tissues to the combination of GH and IGF-I was unexpected. In some tissues, 
notably in whole body growth and on bone and cartilage, IGF-I and GH are both effective and 
additive. In other tissues, i.e., thymus, IGF-I and GH are both effective but not additive, 
indicating a selective effect. 
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Table 1 . GH and IGF-I Elicit Different Organ Weight Responses 

A. Absolute Wet Weights 



Study 1 


Excipient 


GH 


IGF-I 


GH + IGF-I 






60 ug/kg 


1 .2 mg/kg 




Heart (mg) 


291 ± 20 


324±13# 


341 ± 24# 


344 ± 1 6 # 


Kidneys (mg) 


650 ± 46 


686 ± 60ab 


849 ± 50# a 


869±31#b 


Liver (g) 


3.80 ±0.17 


4.00 ± 0.23 ab 


4.43 ± 0.27# a 


4.44 ± 0.39 #b 


Spleen (mg) 


234 ± 56 


244 ± 263b 


369 ± 50# a 


389 ± 54#b 


Thymus (mg) 


233 ± 24 


31 7 ± 82# a 


391 ± 49# 


414 ± 110 #a 



Study 2 


Excipient 


GH 


IGF-I 


GH + IGF-I 




• 


60 ug/kg 


1 .2 mg/kg 




Heart (mg) 


355 ± 22 


374 ± 433 


376 ± 24b 


440 ± 65 #ab 


!5 Kidneys (mg) 


688 ± 37 


736 ± 443b 


871 ± 62 # ab 


973 ± 45 #b c 


Liver (g) 


3.77 ±0.25 


4.04 ± 0.30 a 


4.42 ± 0.41 # 


4.58 ± 0.1 3 #a 


Spleen (mg) 


197±16 


260 ± 24# a 


297 ± 30# b 


342 ± 23# a b 


Thymus (mg) 


257 ± 42 


336 ± 50 


436 ± 154# 


450±113 # 




B. Oraan to Bodv Weiaht teW^ Ratio (y in£\ 




20 











Study 1 


Excipient 


GH 


IGF-I 


GH + IGF-I 






60 ug/kg 


1 .2 mg/kg 




Heart/BW 


3.00 ±0.19 


3.08 ±0.17 


3.10 ±0.21 


2.95 ±0.15 


Kidneys/BW 


6.71 ± 0.52 


6.51 ± 0.57 a b 


7.70 ± 0.38# a 


7.45 ± 0.38#b 


Liver/BW 


39.2 ±1.8 


37.9 ± 1 .7 


40.2 ± 2.1 


38.0 ± 2.2 


Spleen/BW 


2.42 ± 0.65 


2.31 ± 0.27 ab 


3.35 ± 0.47# a 


3.33 ± 0.42 # b 


Thymus/BW 


2.41 ± 0.28 


3.00 ± 0.72 


3.55 ± 0.97# 


3.55 ± 0.97# 



Study 2 


Excipient 


GH 


IGF-I 


GH + IGF-I 






60 ug/kg 


1 .2 mg/kg 




Heart/BW 


3.91 ± 0.22 


3.72 ± 0.34 


3.69 ± 0.25 


3.98 ± 0.51 


Kidneys/BW 


7.57 ± 0.27 


7.33 ± 0.30 a b 


8.56 ± 0.64# a 


8.80±0.37#b 


Liver/BW 


41 .4 ± 2.2 


40.2 ± 1 .9 


43.4 ± 4.2 


41.4 ±1.0 


Spieen/BW 


2.16 ±0.13 


2.69 ± 0.52 #a 


2.92 ± 0.28 # 


3.09 ± 0.21 #a 


Thymus/BW 


2.83 ± 0.43 


3.35 ± 0.48 


4.28 ± 1 .48# 


4.06 ± 0.99# 



35 



Mean +_ SD (7-9 rats/group): the # denotes statistically different from excipient and similar 
letter superscripts denote group differences by Duncan's test after analysis of variance 
(AN OVA) at p < 0.05 
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EXAMPLE II 

A. Combination Studies 

In the two experiments described below, hypophysectomized rats as described in 
Example I (Study 3) or female dwarf rats (60-70 days of age, 100-140 g, Study 4) were 
5 anesthetized with ketamine/xylazine. Then 1 (for the dwarf rats) or 2 (for the 
hypophysectomized rats) osmotic minipumps (Alza 2001, delivery rate 1 j/l/hour/pump) were 
placed subcutaneously. The pumps contained either the excipient (10 mM citrate buffer and 
1 26 mM NaCI, pH 6) or IGF-I (5 mg/ml) so that the approximate dose administered was 240 
//g/rat/day (2.4 mg/kg assuming a 100 g rat) for both types of rats. The hGH formulation 

10 employed was that described in Example I. The IGF-I was prepared by direct secretion of the 
IGF-I gene from £ coff as in accordance with EP 1 28,733 published December 1 9, 1 984 or 
EP 288,45 1 published October 26, 1 988, and expected to have a specific activity of > about 
14,000 U/mg by radioreceptor assay using placental membranes, or was obtained from 
KabiGen AB (specific activity > 14,000 U/mg) or from Genentech, Inc. as described in 

1 5 Example I. It was formulated as described in Example I. In Study 3 the solubility of hGH was 
increased by adding 0.1 % Tween 20 to the 5 mM phosphate buffer (pH 7.8). The hGH in 
both studies was given daily as a single 0. 1 -ml subcutaneous injection. 
In Study 3 (hypophysectomized rats) the experimental groups were: 

I ) Excipient pump, excipient injections 

20 2) IGF-I pump (2.4 mg/kg), excipient injections 

3) Excipient pump, hGH injections (50.0 mg/kg) 

4) Excipient pump, hGH injections (10.0 mg/kg) 

5) Excipient pump, hGH injections (2 mg/kg) 

6) Excipient pump, hGH injections (0.4 mg/kg) 
25 7) Excipient pump, hGH injections (0.08 mg/kg) 

8) IGF-I pump (2.4 mg/kg), hGH injections (50.0 mg/kg) 

9) IGF-I pump (2.4 mg/kg), hGH injections (10.0 mg/kg) 

10) IGF-I pump (2.4 mg/kg), hGH injections (2.0 mg/kg) 

II) IGF-I pump (2.4 mg/kg), hGH injections (0.4 mg/kg) 
30 1 2) IGF-I pump (2.4 mg/kg), hGH injections (0.08 mg/kg). 

In Study 4 (dwarf rats) the experimental groups were: 

1 ) Excipient pump, excipient injections 

2) IGF-I pump (2.4 mg/kg), excipient injections 

3) Excipient pump, hGH injections (2.0 mg/kg) 
35 4) Excipient pump, hGH injections (0.5 mg/kg) 

5) Excipient pump, hGH injections (0.125 mg/kg) 

6) IGF-I pump (2.4 mg/kg), hGH injections (2.0 mg/kg) 

7) IGF-I pump (2.4 mg/kg), hGH injections (0.5 mg/kg) 
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8) IGF-I pump (2.4 mg/kg), hGH injections {0.125 mg/kg). 

Figure 4 shows uhe results from Study 3 for the 7-day weight gains in the 
hypophysectomized rat. The excipient gave a weight gain of 4.46 +. 1 .66 g and IGF-I at 240 
^g/day gave a weight gain of 18.23 +. 1.98 g. Once more, the inclusion of IGF-I in the 
5 minipumps greatly enhanced the potency of daily injections of hGH in promoting weight gain. 
The weight gain responses to hGH or hGH plus IGF-I were analyzed as a parallel line bioassay 
against log dose of hGH. The two dose response lines fulfilled the criteria for a bioassay, as 
they were statistically proved to be linear and parallel. The potency of hGH plus IGF-I was 
26.6 times that of hGH alone (95% confidence, 14.8 to 51 .7), with the difference between 
10 the two dose-response lines being highly significant (1,49 degrees of freedom (d.f.J, F = 
169.4, p < 0.0001). 

Figure 5 shows the weight gains over 7 days from Study 4. The excipient gave a 
weight gain of 3.95 _+ 3.56 g and IGF-I at 240 j/g/day gave a weight gain of 1 2.1 5 i 3.76 
g. The weight gain responses to hGH or hGH plus IGF-I were analyzed as a parallel line 

1 5 bioassay against log dose of hGH. The two dose response lines fulfilled the criteria for a 
bioassay. as they were statistically proved to be linear and parallel. Individually, IGF-I and 
hGH gave substantial weight gains in the dwarf rat. The relative potency of the hGH plus 
IGF-I was 28.9 times that of the hGH alone (95% confidence limits, 7.7 to 514.6), with the 
difference between the two dose-response lines being highly significant (1,30 d.f., F = 

20 45.75, p < 0.0001 ). 

B. Dose Response Curve of IGF-I Alone 

Figure 6 illustrates the weight gain of hypophysectomized rats treated with excipient 
(citrate buffer as described above), or the IGF-I or des(1-3)-IGF-l used in Example I at three 
different doses subcutaneously using minipumps for seven days, following the general 
25 protocol described in Example 1. This figure illustrates the minimal doses of IGF-I and des( 1 - 
3J-IGF-I for bioactivity in the rat. 

C. Dose Response Curve of hGH Alone 

Figure 7 illustrates the weight gains of hypophysectomized rats treated with excipient 
or three different doses of the hGH of Examples I and II daily subcutaneously for seven days, 

30 following the general protocol described in Example I. This figure illustrates the minimal 
doses of GH for bioactivity in the rat. At day 7, low-dose GH showed a greater weight gain 
than excipient (2.9 +. 3.5 g vs. 8.6 +_ 2.3 g, t - 7.03, p < 0.001 >. which was in turn less 
than medium-dose GH (12.9 .+ 1.2 g, t = 4.91, p < 0.01). 

In the two animal models of GH deficiency (Studies 3 and 4), the potency of hGH 

35 administered as a daily subcutaneous injection was increased over 25 fold by co-treatment 
with IGF-I. This result in the hypophysectomized rat might be explained by the relative lack 
of hormones (thyroid and glucocorticoids) known to be permissive for hGH action leading to 
a poor IGF-I generation. However, the result in the dwarf rat, where only hGH appears to be 
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Sacking, with all the other hormone systems (especially the thyroid and adrenal hormones) 
being normal, indicates that the additive effect of hGH and IGF-I occurs independent of the 
status of thyroid or adrenal hormones. However, the close agreement on the two models of 
the enhanced potency of hGH due to IGF-I and the magnitude of the effect (about 25X) is 
5 surprising. 

The doses of hGH that were ysed in Study 3 have rarely (been used in the 
hypophysectomized rat, and the literature is unclear as to the dose of hGH that gives a 
maximal growth response. Doses of 1 0 and 30 mg/kg/day given as single daily subcutaneous 
injections for ©ne week produce a maximal growth response. But the dose responses for the 

10 two regimes (hGH and hGH plus IGF-I) were parallel, oven over this 625-fold dose range of 
five doses of hGH, including the two maximal doses of hGH. Therefore, the maximal growth 
response to hGH can clearly be increased if IGF-I is co-administered. This is surprising, as the 
maximal weight gain response to IGF-I in the hypophysectomized rat appears to be less than 
the weight gain in response to hGH. 

15 The range of doses of hGH over which IGF-I would be predicted to have an additive 

effect on weight gain is clearly the full range of effective GH dose, in the hypophysectomized 

» 

rat from 0.01 to 50 mg/kg. In the dwarf rat the maximal effective doses of hGH are not 
known, but 50 mg/kg would also be assumed to be an effective maximal dose of hGH. The 
previous work m the hypophysectomized rat has shown 2.4 mg/kg of IGF-I delivered as a 

20 subcutaneous infusion for one week to be near to maximal, as. higher doses of DGF-I cause 
fatal hypoglycemia. The minimal effective dose of IGF-I in the hypophysectomized rat is 
around 0.1 mg/kg per day. 

In the dwarf rat, 2.4 mg/kg of IGF-I was used, while in the hypophysectomized rat both 
1 .2 mg/kg and 2.4 mg/kg doses of IGF-I were used (Examples I and II), yet an additive effect 

25 of IGF-I and GH was observed despite different doses of IGF-I being used. The full dose 
response curves for GH alone and GH plus IGF-1 were parallel, which implies that at any dose 
of hGH, even at a very small dose of hGH that by itself .might not give a measurable 
response, the effects of IGF-I and GH would be additive. It would therefore be expected that 
at any daily dose of GH (from 0.01 to 50 mg/kg) or IGF-I (from 0.1 to 2.4 mg/kg) the two 

30 molecules would have additive effects on body growth. 

EXAMPLE 111 

Two Clinical Scenarios for the Combination Treatment 
Two examples of pertinent clinical scenarios are described below that will undoubtedly 
benefit from concomitant administration of GH and IGF-I. 
35 1 . Patients who exhibit a slowing in growth rate after at least twelve months of GH 



It is well recognized by pediatric endocrinologists that either naive (no previous 
treatment) or previously treated patients (following a break in GH administration) exhibit a 
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second-year fall in growth irate. This phenomenon is independent of the etiology of the type 
of short stature or GH deficiency (e.g., whether idiopathic, organic, septo-optic dysplasia (§-0 
D), Turner, or other). See Figure 8. 

Thus, during the period where the growth irate is slowing, IGF-! treatment together with 
5 GH treatment would increase the annualized rate to compensate for this second-year loss in 



2. Patients who have little time for GH administration to be maximally effective. 

Jf patients are oider when they ©re diagnosed with GH deficiency, the less time is 
available to correct itheir resultant short stature. This is illustrated on Figure 9, where the 
1 0 annualized growth rate m (reported for patients on seven age groups. Older patients have only, 
for example, 2-3 years left before their growth plates close, making further linear growth 
unlikely. These patients could be treated with the combination of IGP-1 and hGH to allow 
optimization of their growth rates. 

DISCUSSION AND SUMMARY 

1 5 The results shown herein have significance in medicine and agriculture in any situation 

where GH or IGF-I treatment is used. This regime of combined IGF-I and GH treatment would 
allow smaller doses of GH (approximately 25-fold less) to be given to produce equivalent 
responses to treatment with GH aione. This would be of particular importance in situations 
where the side effects of GH treatment (i.e., hyperinsulinemia, hyperglycemia) should be 

20 minimized. In diabetes, combined GH and IGF-I treatment, with smaller GH doses bding 
possible, would minimize the insulin-resistant effect of the administered GH. In patients 
where the anabolic effect of GH is reduced, possibly by a reduced ability to produce an IGF-I 
response to the administered GH, co-treatment with GH and IGF-I would also be expected to 
give a larger anabolic response. 

25 A broad class of patients where the regime of combined GH and IGF-I treatment would 

be beneficial 5s m adult patients where the IGF-I response to GH is naturally reduced. In 
adults, the unwanted effects of GH (insulin resistance) may be a direct consequence of a 
reduced IGF-I response to administered GH. In adults, the co-administration of GH and IGF-I 
might be viewed as restoring the situation in a younger animal where there is a more vigorous 

30 IGF-I response to GH treatment. 

The mode of administration of the GH in the present studies was intermittent, by daily 
subcutaneous injection. However, at the largest doses used (50 mg/kg), considerable 
concentrations of hGH would have persisted in the blood at physiologically effective 
concentrations, making the blood concentrations of hGH always at a level that would provide 

35 a stomullus to GH receptors. Therefore, at the highest dose the tissue exposure to hGH was 
in essence one of continuous exposure, so that the growth response to administering hGH 
as a continuous infusion would likely be enhanced by the co-administration of IGF-I. The 
potency of hGH delivered in any manner that would stimulate body growth or be anabolic 
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would be expected to increase if IGF-I were co-administered. Also, it is likely that the 

- ♦ 

improved potency of co-administered hGH and IGF-i would allow less frequent injections of 
hGH or IGF-I than for hGH alone. 

IGF-I was delivered as a continuous infusion, because previous studies showed that 
5 IGF-I given alone as injections is less effective at enhancing body growth. However, the 
combination of GH plus IGF-I would allow the use of sub-optimal regimes of IGF-I 
administration, such as injections, when combined with GH treatment. 

in conclusion, cotreatment of hypophysectomized or dwarf rats with continuous 
infusions of GH and IGF-I or des(1-3)-IGF-l amplifies the body weight gain, longitudinal bone 
1 0 growth, and tibial epiphyseal widening relative to the response to either hormone alone. This 
finding indicates for the first time that exogenous IGF-I can increase some growth responses 
initiated by GH in a manner that is at least additive. Thus, the IGF-I is effective at increasing 
the responses to GH treatment or at decreasing the amount of GH needed to produce a 
significant response. 
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WHAT IS CLAIMED IS: 

1 . A method for enhancing growth of a mammal comprising administering to the mammal 
effective amounts of IGF-I and GH so as to enhance the growth of the mammal over 
the enhancement in growth achieved using an equivalent dose of IGF-I or GH alone. 

2. The method of claim 1 wherein the mammal is an animal. 

3. The method of claim 2 wherein the GH and IGF-I are bovine, ovine, or porcine GH or 
IGF-I, and the animal is bovine, ovine, or porcine, respectively. 

4. The method of claim 1 wherein the mammal is a human. 

5. The method of claim 4 wherein the human is a non-adult. 

6. The method of claim 4 wherein the IGF-I is human native-sequence, mature IGF-I and 
the GH is human native-sequence, mature GH. 

7. The method of claim 6 wherein the IGF-I is has no N-terminal methionine. 

8. The method of claim 6 wherein the IGF-I has a specific activity of greater than about 
1 4,000 units/mg by radioreceptor assay using placenta membranes. 

9. The method of claim 6 wherein the IGF-I is a human native-sequence IGF-I analog 
having the glutamic acid at position 3 replaced by another amino acid or deleted. 

10. The method of claim 9 wherein the IGF-I is des(1*3)-IGF-l. 

11. The method of claim 10 wherein the des(1-3MGF-l is in a sterile, isotonic solution 
containing acetic acid, pH 3.2 to 4.5. 

12. The method of claim 6 wherein the IGF-I is in a sterile, isotonic solution containing a 
citrate buffer, pH 6. 

13. The method of claim 6 wherein the GH is recombinant GH. 

14. The method of claim 13 wherein the GH is in a sterile, isotonic solution containing 
mannitol and a phosphate buffer, pH 7.4-7.8. 

15. The method of claim 1 wherein the administration of GH or IGF-I or both is by 
continuous infusion. 

1 6. The method of claim 1 5 wherein the IGF-I is administered by continuous infusion and 
the GH is administered by injection. 

17. The method of claim 16 wherein the administration of GH or IGF-I or both is by the 
subcutaneous or intravenous route. 

18. The method of claim 17 wherein the administration of both GH and IGF-I is by the 
subcutaneous route* 

19. The method of claim 16 wherein the GH is injected once daily. 

20. The method of claim 1 wherein the effective amount of each of GH and IGF-I is at least 
0.1 mg/kg/day. 

21 . The method of claim 4 wherein the effective amount of each of GH and IGF-I is at least 
1 mg/kg/day. 

22. The method of claim 1 wherein the IGF-I and GH are administered separately. 
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23. The method of claim 1 wherein the IGF-I and GH are administered as a single 
formulation. 

24. The method of claim 4 wherein the human to be treated has diabetes. 

25. The method of claim 4 wherein the human to be treated experiences hyperinsulinemia 
or hyperglycemia with GH treatment alone. 

26. The method of claim 4 wherein the human to be treated exhibits a reduced anabolic 
effect when treated with GH alone. 

27. The method of claim 26 wherein the human to be treated has reached a maximum 
growth level and then a decrease in annualized growth rate after having previously 
been treated with GH alone. 

28. The method of claim 26 wherein the human to be treated is at an age that is 2-3 years 
before his or her growth plate closes. 

29. The method of claim 4 wherein the effective amount of GH is less than the dose that 
gives a maximal growth response using GH alone. 

30. The method of claim 4 wherein the effective amount of GH is greater than the dose 
that gives a maximal growth response using GH alone. 

31. A cell-free growth-promoting composition comprising amounts of IGF-I and GH in a 
pharmaceutical^ acceptable carrier that are effective to promote growth of a mammal 
more than an equivalent dose of IGF-I or GH alone. 

32. The composition of claim 31 that is lyophilized, 

33. The composition of claim 31 wherein the carrier is a citrate buffer at pH 6 containing 
a surfactant or a phosphate buffer at pH 7.4 containing mannitol. 

» 

34. A growth-promoting composition comprising IGF-I and GH in a pharmaceutical^ 
acceptable carrier at about pH 6 containing a surfactant. 

35. The composition of claim 34 wherein the amounts of IGF-I and GH in the composition 

■ 

are effective to promote growth of a mammal more than an equivalent dose of IGF-I 
or GH alone. 

36. The composition of claim 34 wherein the carrier is a citrate buffer at pH 6 and the 
surfactant is a polysorbate or poioxamer. 

37. The composition of claim 31 further comprising a binding protein for IGF-I. 

38. ' The composition of claim 31 wherein the IGF-I and GH are human IGF-I and human GH. 

39. The composition of claim 38 wherein the IGF-I is native-sequence, mature IGF-I 
without a methionine at its N-terminus and the GH is native-sequence, mature GH with 
or without a methionine at its N-terminus. 
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FIGURE ^ 

PMS 1: TWELVE MONTH GROWTH 
RATES BY AGE (ALL SUBJECTS) 
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